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SUMMARY 

This report describes the design and performance of a calibration device 
that allows the measurement of a radiometer's field of view. The heart of the 
device is a heated 0.025^-mm (O.OOl-inch) diameter filament that provides a 
variable, isothermal line source of radiant energy against a cold background. 
By moving this discrete line source across the field of view of a radiometer, 
the radiometer's spatial response can be completely mapped. The use of a 
platinum filament provides a durable radiation source whose temperature is 
stable and repeatable to 10 kelvin over the range of 600 to 1200 kelvin. by 
varying the energy emitted by the filament, the field of view of radiometers 
with different sensitivities (or multiple channel radiometers) can be totally 
mapped. 


INTRODUCTION 

Instrumentation was developed to measure the instantaneous field of view 
of the LIMS (Lim.b Infrared Monitoring of the Stratosphere) scanning radiometer 
for the Nimbus G satellite. A calibration source and its housing were designed 
to be integrated into the final radiometer calibration apparatus using an 
existing off-axis parabolic mirror at a focal length of 1016 mm (Uo inches) 
as the collimator. The radiometer's total detector plane subtends 17.6 milli- 
radians in angle and the smallest instantaneous field of view is 0.5 milliradiaii 



The instrumentation was desi/qied, constructed, and tested as a constant-ourrent 
hot-wire assembly. The concept, ori^'inal ly formulated by W. D. Hesketh of 
the Fli^-sht Electronics Divisitjn, consists of a 0.025i4-mm (0. 001-inch) line 
source with a cold backg'round which could best be realized with a hot-wire 
Jiniemometer in front of a liquid nitrof'en cooled plate. However, no anemometers 
with elements of sufficient lenrth were available. Furtherintjre , the elements 
elon^^'ate and sag when heated and were no lon/Tf-f* straight line sources. 

Design and construction were undertaken to use the commercially av.ailable 
anemometer power supply to power a resistance filament as a temperature source. 
By spring loading one end of the resistance filament, the problem of sag was 
eliminated. The purpose of this paper is to describe this technique and other 
design, construction, and calibration techniques used to provide the radiant 
energy source. 

nOUKCE AKGKMBhY 

The physical characteristics of the target assembly were dictated by 
several fai^tors. First, in order to map the system's smallest inst. ntaneous 
field of view, 0.5 nilliradians at a focal length of lOib mm (I 4 O inches), 
the actual target coaid be no greater than 0.025 mm (0.001 inch) in diatm ter 
and at least iO-mm long (0. 75-inch) long, (for acceptable resolution), .'uid ha;i 
to be maintained horizontal when heated. Oecond , the physical assem.bly size 
was restricted to 12.7 cm x 12.7 cm x 25.^* cm because of space limitations on 
the radio.meter test bed. Third, a system of baffles to shield the light 
source was required since the target assembly would be sub.lected to air 
currents which were generated when thi enclosed radiometer test bed was 
maintained at a slightly positive pressure by a nitrogen gas purge. Fourtli, 
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a background of low radiant energy was required which extended down to 
liquid nitrogen temperatures in order to essentially eliminate background 
radiance and maintain a high signal-to-noise ratio. Further desi^qi require- 
ments included; Vertical and axial movement of the assembly for optimum 
positioning, a mask with a 13-nun by 19-nmi window (which could bo pivoted out 
of the field of view) having a vertical wire throiigh the center for alinoment 
purposes, and a sensor attached to the LN^ cooled plate for monitoring 
background temperature. 

To keep within size limitations, a protective housing with baffling was 
constructed (figs. 1 and 2). The baffles shown in figure 2 proved adequate 
to dajnp out transient air movements. The interior of the housing was painted 
with a high emissivity black paint to minimize reflections from the target 
filairient and other stray Light. 

Next the filament holder was designed and constructed as shown in 
figure 2. It was mounted to the inside of the removable top cover of the 
protective housing. This facilitates changing filaments and making ad.lustments . 
The filament is held between two posts, one fixed and the other spring loaded. 
Spring loading eliminated sagging of the filament due to elongation ca>ised by 
heating the filament. Minimum tension is applied to the spring-loaded port so 
that the small difimeter wire will not be stretched when it is subjected to high 
temperatures. The binding post is large enough to act as a heat sink which 
allows the filament wire to be soldered to it without fear of losing the 
connection when heated. Power to the filament is introduced through binding 
posts located on the top cover of the protective housing (figs. 1 and ^). 

To meet the requirement for a uniform background of low radiant energy 
behind the filament, a copper plate with a honeycombed surface was procured 
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commercially ‘Uid mounted at the rear openitij’: of the protective housing as 
shown in figures 1 and 2. The copper plate contains a chamber through which 
liquid nitrogen is pumped to cool the honeycomb surface. A Chroniel-Constantan 
thermocouple was welded to the front of the copper plate at the base of one of 
the honeycomb cavities at a spot which was not within the field of view. 

The source assembly mounting plate consisted of two jQ-mm-thick pJates 
welded together to form an inverteti "T" (fig. 3). Between the mounting plate 
and the source assembly was mounted a dual-axis micrometer slide. ITiese slides 
provide fine vertical and axial adjustments for final alinement of the hot 
wire filament. 

A mask was installed within the target assembly to aline the radiometer 
with the isothermal portion of the filfiment. The mask contains a li x 10 mm 
opening and a vertical cross hair for locating the center of the filament. 

The front side of the mask was painted yellow for easy viewing, and a knob < .n 
the top cover of the protective housing is used to pivot it out of the field 
of view after alinement (fig. 2). 

SOURCE ASSEMBLY PKRFORMAriCE 

Tlie filament was 0.025^* mm (0.001 inch) pure platinum wire. A hot wire 
anemometer power supply was used as the oirrent source to heat the filament. 
There were several problems or limitations associated with this power supply 
which were noted. First, fast response at some filarent tensions cause the 
filejnent to vibrate at frequencies that are audible. If air currents are 
present, hig.h variations in temperature aioi.g the filament are noted. The.se 
temperature variations were exaggerated because under the constant electrical 



power, localized air currents cooled parts of the filament and caused 
sharp increases in the other noncooled sections. 

Second, when power supply response is slow, air currents cause the 
filament to heat or cool at the rate of 3 to 5 hertz. The expansion and con- 
traction of the filament is larpe enough to cause the spring-loaded binding 
post to pulsate. The pulsations stress the filfunent causing it to fatigi^o and 
become noni sothermal. The temperature distribution across a fatigue(i filament 
is shown in figure U. These two problems were corrected by adjusting the 
response control on the anemometer power supply to an intermediate rate. 

Third, the anemometer power supply exhibited instability as shown in 
figure 5. To maintain p constant current and therefore a constant temperature 
across the filament, a four-terminal shunt was placed in the circuit and the 
voltage drop across the shunt was held constant by varying the power supply 
controls . 


FILAMENT TiJ-lFERATURE CAIJBRATTOM 

Wliere the filament temperature was high enough to be incandescent, the 
temperature versus current relationship could be established with Jin optical 
pyrometer. However, mixch of the temperature range of interest was in the 
nonincandescent range. To measure the temperature in the range between 600 
and ll*00 kelvin, a commercial radiometer was optically modified so that the 
filament would fill the apparent field of view. Since the optics had been 
changed, it was now necessary to calibrate the radiomor.er with a known source 
which duplicated the size, shape, and materials of the source assembly filament. 

A technique was developed to establish the relationship between the 

filament current and the filxunent temperature. To do this, a separate 
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platinim filament war. user! an b(^th the temperature nouree and tlie tempei*ature 
sensing element by attaching wirer. to the filament (fl/'. 6) In nuch a way that 
the platinum element between two Chromol leads acts as the sensiup element of 
a four-wire resintance thermometer. First, the platinum filament was weliie.l 
between 0.10?'^ cm Nichrome siipport wires as shown. The support wires were 
clamped in electrical bindinc; posts, one fixed and the other si)riiu» luailed to 
provide a constant tenr.iou to the filament as it expands with heat. The binditw 
P'jsts were mounted on laboratory .lacks located at either end of a 30. *3-cn.-lon»' , 
C. 5^*-cm-di>imeter furnace. 

Second, Chromel potential leads were welded t(' the platinum heater filament 
as shown in figure (ising a capacitance discharf/' spot welder wil.li tweezer 
welder attachment. 

Third, the platinum filament with potential leads was lowered into the 
tube furnace with the lab Jacks and the furnace was closed after potential 
leads were insulated electrically from the furnace shell. A calibrated thermo- 
couple was positioned at the same point within tlu* furnace a'' the filament. 

Fourth, the furnace was heated while a 1 -mi 1 1 iampere current was maintfiine.l 
through the platinum filament. The temperature was measured with the thermo- 
couple at the sam; time that the voltage drop was measured across the platinum 
filament with the Chromel leads. Py varying the furnai*c throughout the temp- 
erature range of interest, the temperature versus resistance relationship was 
establ if ben for the platinum filament. 

Fifth, the platinum I'i lament was now ready to be use.l as a calibration 
source. Tht* furnace was opened and the f i 1 ?unent heated with known currents 
while simultaneously measuring the voltage drop across the platinum filament 
and the output of the modified commercial radiometer which had been focused or 
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the filjuTient. By relating the voltage drop measured and the known current 
in this measurement to the basic resistance values, the temperature of the 
platinum filament was derived. 

After this calibration, the commercial radiometer was now available to 
calibrate the source assembly filament. Tliis was done by measuring the voltage 
drop across the shunt which had been installed in the filrunent circuit and 
generating the curve of figure Y» which shows shunt voltage dro]) versus temp- 
erature over the temperature range 600 to 1100 kelvin. An excellent filament 
calibration over the temperature range was implied when data taken using a 
thermocouple in the furnace and measurements made using the optical pyrometer 
agreed to within 5 kelvin. 'Ibiis strongly indicates that the fi huncnt cali- 
bration at the lower temperature is eipually as good. 

The temperature distribution about the center of the filament war. measured 
and the results are shown in figure 8. The total lengtli of the filament was 
32 mm and the isothermal temperature portion is more than 20 nm in len/rth 
which exceeds the 19 mm requirement. Temperature stability with time was 
measureii and is presented in figure 9- Both the stability of the filament 
temperature and the Length of the stable filament exceeded all requirement;;. 

Further tests Indicate that the stability of the filament would bo 
degraded if its temperature exceeds 1200 kelvin. Figure 10 displays the 
filament instability caused by higher temperatures. However, little eal ibr.-tli. . 
instability is exhibited over a 6-hour period if temperature is maint.aine<l 
below 1200 kelvin as shown in figure 9- 
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CONCLUSION 


A hij7h roaulution inothermai line radiation rource of varial)Je tonpernture 
for radiometer i nr.tantaneouis field-of-view mcaaiiremonts war. cotjr.truetod and 
calibrated. 'Hio technique ouccer.nfully employed a r.prinf'-loa(ied hot-wire 
anernoneter-typo element of 0.0P5^*-mm-dLa:iieter platinum wir«- which wan <'leetri- 
cally heated. I’hysical 1 iriearity of the filament wan an imp rtant factor in 
the overall ef fecti venens of the method of mappinr the field of vii'w, and 
sprinr loading; hel i the filament horizontal without ietectaLde r.ar. Althoufdi 
extremely fragile, tin; fiJ;ijne-nt proved to be isothermal, stable, durable, and 
repeatable to within 10 kelvin over the temperature ranre from 600 to l.’OO 
kel vin. 

The problem of the t(.*mperature nit.-asurement of a wire this, r.ma! 1 at levt; r. 
below incamiescence was solved by modification of the optics of a r ad i ' meter 
to view very small tar^'ets. This radiometer was calibrat.ed with another 
0 . 025^*-mm-d iar.eter platinum element whose totnperature was known. The temp- 
erature of thi.s other element had been determineii by eomp.ai- i son of the 
resistance of its heateii port, ion by measurim* the voLtare drop when heat.e i in 
a furnace .and whiui heated (?1 ectr ical ly . Filament temperature ca 1 ibrat. i ot. 'i.t: 
usinp a thermocouple and usiru' an optical pyrometer arreed t> > withiii KeLvin. 
The 20-nm. lenpth of the filament Isothermal temperature Z( tie and its stability 
with time excee'l'*d the desi(';n requirements. 
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Figure l.» Calibration Source Ausen^ly. 




flgvr* 2,» CalibratioB Source. interior 
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Figure 6,- SVetch of the apparatus used to calibrate the optically nodlfied commercial radiometer 
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Figure 7.- Fllaaent teraperature versus shunt voltage drop 

when the filaaent is 0.0254 m diameter plstioua 
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hour period at a conatant current when the 
temperature la limited to 1200 kelvln. 
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the filament temperature to 1550 kelvin during th 
successive calibrations. 
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